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Focal P oin ts a t a Glance: The authors highlight the aspects of marine capture fisheries of India and the initiatives of 
CMFRI in utilising them and the production systems using cages as options for clean mariculture. The article also focusses 
on Satellite retrieved ocean colour data for pin-pointing fish shoals in the ocean.
Introduction
M arine f ish e ry  re so u rc e s  hav e  
supplem ented the  p ro te in  su p p lie s  in 
nutrition globally and earned the status 
of 'cheap p ro te in ' d u r in g  the pas t five 
decades. W ith the increased aw areness 
about quality protein available in fish and 
other marine resources there has been a 
steep rise in  d e m a n d  for m a r in e  fish 
during the past two decades. This period 
witnessed a s p u r t  in  f ish in g  e ffo rts  
resulting in dwindling marine fish catches 
as h igher e x p lo i ta t io n  ra te s  a ffec ted  
sustainability. G lobally , th e re  w ere  
several in stances in  te m p e ra te  w a te rs  
where certain species and  their fishery 
collapsed. B e tte r  d ive rs i ty ,  h ig h e r  
fecundity and  v ar ie d  sp a w n in g  peaks 
helped the I n d ia n  m a r in e  f ish e ry  to 
overcome the  ch a l le n g e s  d r iv e n  by 
mechanised cra fts  in  p u r s u i t  of h ig h  
quantity 'cheap  p ro te in '.  Even th ough  
there were peaks and  falls in the in ter­
annual abundance of fishes tha t w ere 
■landed along the coastal waters of India 
and other g loba l f ish in g  n a t io n s ,  the 
trends differed in their decadal g row th  
averages. The presen t review  examines 
the various aspects of m arine fisheries 
fesearch and developm ent in India, the 
existing system of conservation research 
and proposes a v ia b le  a l te rn a t iv e  of
Pfoduction research for a carbon sm art 
World,
Marine capture fisheries and CiVlFRI 
initiatives
coa resources of 8,118 km long
shpU ' million sq. km of continental
2.02 million sq. km of exclusive
economic zone, marine fisheries in India 
have been playing a pivotal role in meeting 
the dem ands for fish over the years.The 
sector (both  from  cap tu re  an d  cu ltu re  
f isheries  ) h as  been  one of the  m ajor 
foreign exchange earners, w ith  revenue 
reach ing  Rs. 18,856 crores in 2012-13, 
accounting for about 18% of the agricultural 
export. Producing 5.42% of the world's fish, 
India accounts for 2.5% of the global fish 
market. The contribution of the fisheries 
sector, at an overall annual growth rate of 
4.5% (6%, if a q u a cu l tu re  a lone is 
considered) during the previous five year 
plans, is estimated at around 1.10% to the 
GDP and 5.3% to the agricultural GDP.
In i950, the marine fish harvest in India 
was 0.5 million metric tonnes. Gradually, 
fishing em erged as a major commercial 
activity due to mechanisation of fishing 
craft and gear and reached a production 
of 1 million tonnes during 1970. Bannerji 
and Chakraborty  (1972) form ulated  the 
M ultistage Stratified Random  Sampling 
design for estimation of national marine 
fish landings. Data collection and their 
compilation based on this design started 
in 1970 at the Central M arine Fisheries 
Research Institute (CMFRI), Kochi laying 
the ground works for the national marine 
f isheries  da tabase . The da tabase  
p ro v id es  in fo rm atio n  on  species-w ise  
marine fish landings at all major centres 
in India, as well as on craft and gear used 
in the exploitation of the fishery, quality of 
craft and  gear im proved  w ith  technical 
sophistication during the period from 1970- 
80. W ith the geom etric  increase in  the 
num ber of fishing vessels after 1970, the 
m arine fish land ings reached 2 million 
tonnes in 1980.
H e a v y  in v e s tm e n t  in h a rv e s t  an d  
post-harvest sectors in Ind ian  fisheries 
during the 1980s led to further exploitation 
of marine resources. Marine fish landings 
in Ind ia  reached  a record  3.94 m illion  
m etric  tonnes in 2012. H ow ever, there 
w ere doubts about the sustainability of 
the m arine fishery in India, resulting in 
initiatives such as developm ent of stock 
a s se ssm e n t  m o d e ls ,  po licy  d irec tiv e s  
based  on m odel results  and  enactm ent 
of leg is la tion . But w ith  an  inc reas ing  
d e m a n d  for seafood  (up  to e igh t lakh 
tonnes va lued  at Rs.l2,826crore as per 
2011-12 e s tim a te s) ,  the  f ish in g  e ffo rt 
co n t in u e d  to ex p a n d . Increase  in  the  
num ber of craft resulted in a decline in 
the catch per unit effort. More time spent 
at sea  re s u l te d  in  an  in c rease  in  the  
o p e ra t io n a l  cost of f ish in g  vessels .  
Mechanised vessels resorted to multi-day 
fishing, leading to increase in unw anted 
by-catch and discards. There are 1,94,490 
f ish in g  cra ft  in  o p e ra t io n  in  In d ia n  
exclusive economic zone (EEZ) (Marine 
fisheries census 2010). The Government 
of In d ia  h as  re so lv e d  in  p r in c ip le  to 
regulate the fleet size in its EEZ, according 
to fishery potential (UNCLOS, 1982, CCRF, 
2000). The estimates of fish potential in 
the EEZ will set the fleet size required for 
s u s ta in a b le  h a rv e s t in g .  R esea rche rs  
have estim ated  the potentia l of m arine 
fisheries in India to be in the range from
2.3 to 7.46 m ill io n  to n n e s  (Table 1) 
(Raghuprasad et al. 1970; Moiseev 1971; 
G u lla n d  1971; P ra sad  an d  N air  1974; 
George et al. 1977; Quazim 1977; Nair and 
G o p in a th an  1981; M a thew  et al. 1989; 
D esa i et al. 1990). A w o rk in g  g ro u p  
constituted by the G overnm ent of India 
revalidated the potential yield of Indian
Central Marine Fisheries Research Institute (CMFRI) 
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Table 1: Estimates of fisheries potential in Indian EEZ by various methodologies
SI.No Author Estimated 
harvestable 
potential 
(million t)
M ethodology
adopted
1 Raghuprasad et al. 1970 I P Prim ary
productivity and 
exploitation rate
2 M oiseev 1971 3.59 Prim ary
productivity and 
trophic transfer 
efficiencies
3 Gulland 1971 6.55 Prim ary
productivity and 
trophic transfer 
efficiencies
4 Prasad and Nair 1974 4.60 Prim ary
productivity and 
exploitation rate
5 Nair etal. 1973 2.30 Prim ary 
productiyity to 
carbon
6 George et a l 1977 4.50 Exploratory survey, 
landing and review
7 Qazim 1977 7.36 Prim ary
productivity and 
trophic transfer 
efficiencies
8 Nair and Gopinathan 1981 5.50 Primary production 
to tertiary carbon 
conversion
9 M athew et al. 1989 7.46 P ercen tag e  
conversion of prim ary  
production
10 Desai et al. 1990 3.66 Prim ary / secondary  
production to tertiary 
carbon conversion
11 Working group, GOI 1990 3.90 M aximum 
SustainableYield 
(MSY) from landing; 
exploratory  survey
12 Working group, GOI 2000 3.93 MSY; exploratory 
su rvey
13 Working group, GOI 2012 4.41 MSY and 
productivity 
estimates from PP 
genera ted  from ocean 
colour-RS data
^Computed for the entire Indian Ocean. Estimates prior to the concept of EEZ
EEZ at 3.9,3.93 and 4.41 mill tonnes in 1990, 
2000 a n d  2012 re sp e c t iv e ly  (W orking  
g ro u p  1990; 2000; 2012). The v a r io u s  
estimates differ from each other and the 
present production of 3.94 million metric 
tonnes (CMFRI 2013) implies that there is 
still scope for improvement.
T hree ap p ro ach es  w ere  ad o p ted  to 
estim ate the  m arine fisheries potentia l
of Indian EEZ (Table 1). The approaches 
a d o p te d  s ta t is t ic a l  a n d  p ro d u c t iv i ty  
m e th o d s ,  s e p a ra te ly  a n d  jo in tly . The 
statistical approach provides quahtative 
details on distribution of m arine fishery 
resources using fish landing data. Using 
o cean  co lou r  d a ta ,  the  p ro d u c t iv i ty  
a p p ro a c h  is in d e p e n d e n t  of d a ta  on  
m arine fish landings. A com bination of 
bo th  m e th o d s  reconciles the es tim ates
to give a value which is considered to be 
a reference po ten tia l for es tim ation  of 
flee t size (W ork ing  g ro u p  2012). The 
estimate can be lower or higher than the 
actual potential, given the compromises 
m ade  in the selection and  types of the 
approaches .
Although it is important to have robust 
estimates of fishery potential as an aid to 
m anage fisheries resources in the EEZ, 
so far we have been unable to arrive at 
figures that are widely acceptable to the 
experts in the field.For determ ining the 
resource stability along with the on-going 
in te n s if ie d  f ish in g  effo rts ,  a m u l t i ­
disciplinary approach for re-assessment 
of re so u rce s  is in  vogue . T here  are 
alarming gaps for a policy planner to look 
upon . P rim e focus on  fu tu re  fisheries 
re so u rce  re se a rc h  w ill  be  o r ien ted  
towards building up  of a spatio-temporal 
d a ta b a se  on  th e  GIS p la tfo rm  as a 
dec is ion  su p p o r t  tool. N u m eric a l  and 
t im e-series  m ode l d a ta  an d  da tabases  
from RS-GIS sources have taken a priority 
o v er  rea l t im e o b se rv a tio n s .  But the 
ev ident gaps in in-situ observation and 
assessm ent of fishery resources have to 
be n u l l i f ie d  th r o u g h  r e g u la r  survey, 
sam pling  and  analysis. A u tom ation  of 
landing data estimation, geo-referencing 
of fish catches, local spawning and fishing 
ground delineation, resolving of physical 
process supporting the fishery resources, 
th e  re so u rce  v u ln e ra b i l i ty  to  climate 
change, resource  econom ic evaluation 
and international trade policies impacting 
o u r  resources are a  few research  areas 
to be given due attention in the next few 
years. W ith the climate change impacts 
making Indian fisheries sector vulnerable 
to forces other than over-exploitation, the 
ChloRIFFS (C hlorophyll based  remote- 
s e n s in g  a s s is te d  In d ia n  Fisheries 
F o recas ting  System ) p ro g ra m m e  calls 
u p o n  a thorough revalidation involving 
in te rd is c ip l in a ry  effo rts  in  marine 
f isher ie s  re se a rc h  to  p o in t  o u t  the 
lacunae and set-right the contradictions 
b e tw e e n  p re d ic te d  a n d  h a r v e s t e d  
resources.
Fish and fish products  recorded the 
highest increase in price am ong all food 
com m odities-transform ing from a poor 
m an's food to luxurious food item. The 
gross value of marine fish at the landing 
cen tre  and  re ta il  level is es tim ated  at 
Rs. 27,577.1 crores and Rs. 44,054 c r o r e s  
respectively (SEETTD, 2013). The private 
capital investm ent in fishing equipme^* 
has increased from Rs. 10,352 crores in 
2003-04 to Rs. 15,496 crores in 2009-10. The 
p e r  ca p ita  in v e s tm e n t  p e r  a c t i v e  
fisherman is estimated at Rs. 3,11,799
the mechanised and Rs.17,205 in the non­
mechanised sector. The percentage share 
of fishermen in consumer rupee (PSFCR) 
ranged from 40% for oil sardines to 80% 
for seer fish in private marketing channel. 
Fishing villages having Self Help Groups 
(SHGs) or coo p e ra tiv e  fish m ark e tin g  
resulted in PSFCR w hich is consistently 
above  70% for all v a r ie t ie s  of fish. 
D o m es tic  m a rk e t in g  sy s tem  req u ire s  
m o re  a t te n t io n  on  m o d e rn isa t io n ,  
inc lud ing  q uality  control. There exists 
in a d e q u a te  co as ta l  in f ra s t r u c tu re  for 
domestic fish m arketing, other than the 
commercial landing centers. This has led 
to p o la risa tion -  of h a rb o u r -b a s e d  
infrastructure development and isolation 
of small centers,high level of occupational 
risks and  also in ter  and  in tra  sectorial 
marginalisation. There is a lack of positive 
attitude tow ards non-fisheries livelihood 
options. The following aspects of fishery 
socio econom ics have to be considered  
for m arching ahead:
• F o rm u la t io n  of a co g e n t M arine  
Water Leasing Policy
• Identification of suitable m ariculture 
sites and  central sector schem es for 
c o m m u n i ty -o r ie n te d  m a r ic u l tu re  
e n te rp r i s e s  (as O p e n  Sea F ishery  
Estates)
• B iom ass a u g m e n ta t io n  th ro u g h  
Artificial reefs and Marine parks
• Promotion of export-oriented marine 
ornam enta l fish culture as a cottage 
industry  and developm ent of Special 
F ish ery  E n te rp r is e  D e v e lo p m e n t  
Zones (SFEDZ)
• E m p o w e rm e n t  of f i sh e rw o m e n  
th r o u g h  ca p ac ity  b u i ld in g  
in te rv e n t io n s  a n d  tra in in g  
p ro g ra m m e s
• In ce n tiv e s  fo r  v a lu e  a d d i t io n  
en te rp r ise s
• Investm ent for coastal infrastructure 
developm ent (through Public Private 
Partnership  mode)
• M o d e rn is a t io n  of d o m e s t ic  fish 
m arke ts
• Special b an k in g  schem es for sm all 
scale fishery- rela ted  enterprises
• Com pulsory registration of craft and 
optimisation of fleet size
• Sea sa fe ty  m e a s u re s  m a d e  
m an d a to ry
• In troducing  new  insurance schemes 
focusing on the fishery sector
• D e v e lo p m e n t  of b io -sh ie ld s ,  
installation of early w arning systems, 
and strengthening PFZ delivery.
• In te g ra te d  C o a s ta l  Z one 
D evelopm ent including Responsible
Coastal Tourism 
Green Fishing - Fishery resources and 
energy efficient eco-friendly capture 
systems
Satellite retrieved ocean colour data 
(chlorophyll) can act as a surrogate for 
m ost shoa ling  p h y to p la n k to n  feeders, 
especially oil sardine, off the west coast 
of India. Indian Remote Sensing Satellite 
P  ^ Ocean Colour Monitor (IRS P  ^OCM) / 
M O DIS d e r iv e d  c h lo ro p h y l l  
co n c e n tra t io n  an d  N a tio n a l  
O c e a n o g ra p h ic  A ero sp ac e
A d m in is t r a t io n  A d v an c ed  Very H ig h  
Resolution Radiometer (NOAA AVHRR) 
derived Sea Surface Tem perature (SST) 
im ages have been  used  to characterise 
the rela tionship  betw een  the biological 
(Chlorophyll) and physical variables (SST) 
in coastal waters and to delineate potential 
fishing zones. Integrated potential fishing 
zone (PFZ) forecasts validated by CMFRI 
indicated  a positive Benefit Cost Ratio. 
In c rea sed  C a tch  P er  U n it  E ffort at 
reduced fossil fuel expenditure (scouting 
tim e is less), can be r igh tly  te rm ed  as 
'g reen  fishing'. But staggered forecasts 
d u e  to c lo u d  cover o f ten  in h ib i t  the 
continuous predictions of PFZ. The ability 
of satellite based  a ltim eters to p rov ide 
data despite cloud cover and to identify 
th e  c irc u la t io n  fe a tu re s  re la te d  to 
fisheries provides scope for filling the gap 
left by the traditional PFZ advisories in 
the presence of cloud cover. Significant 
fish catches occurred in areas betw een  
anti-cyclonic an d  cyclonic circula tions 
w h e re  d iv e rg e n ce  o ccu red  an d  also 
b e tw een  tw o anti-cyclonic circula tions 
w h e re  d iv e rg e n ce  a n d  u p w e l l in g  
occurred.
The spatio-tem poral fluctuations of 
plankton richness which can be remotely 
se n sed  h e lp s  in  p re d ic t in g  f ishe r ie s  
reso u rce  r ichness . Taking a cue from  
es tab l ish ed  m o d e ls ,  p a t te r n s  can be 
designed to predict resource availability 
after validation  of p red ic tion  scenarios 
w ith  the estim ated  catch from  various 
fishing grounds. The change in the pattern 
of fish ing , p e r io d  of absence an d  the 
composition of fish caught per haul, when 
a n a ly se d  for a ran g e  of g eo -sp a tia l  
e x p a n se s ,w il l  h e lp  in  re f in in g  and  
augm enting a comprehensive prediction 
algorithm. Further, such models w ould  
com e in  h a n d y  in  the  a s se ssm e n t  of 
m a rin e  re so u rce  p o te n t ia ls  a n d  th e ir  
periodic revalidation on a hom ogenous 
p la tfo rm  w ith  a p ro p e r  m e a su re  of 
confidence intervals. Such exercises are 
of im m en se  im p o r ta n c e  to the 
g o v e rn m e n t  an d  po licy  m ak ers .  The
h is to ry  of co - in te g ra t in g  p la n k to n  
availability and  resource landings were 
in itia ted  at CMFRI in the early  1960s. 
C o llab o ra t iv e  e fforts  b e tw e e n  m arine  
fisheries research and space applications 
resulted  in the identification of PFZs in 
the 1980s. With climate change impacts 
m a k in g  th e  In d ia n  f ish e r ie s  sector  
v u ln e ra b le  to forces o th e r  th a n  o v e r ­
exploitation, the ChloRIFFS (Chlorophyll 
b ased  rem o te -sen s in g  a s s is ted  In d ian  
F isher ie s  F o recas tin g  System ) 
p r o g ra m m e  calls u p o n  a sy s tem a tic  
revalidation and interdisciplinary efforts 
in marine fisheries research, to point out 
the lacunae and set-right the staggering 
con trad ic tions  b e tw een  p red ic te d  and 
h arv e s ted  resources.
C e n tra l  In s t i tu te  of F isher ies  
T echnology  (CIFT) has  com e u p  w ith  
green fishing system s for tropical seas. 
Design and  construction of the 19.8 m, 
e n e rg y  effic ien t,  n ew  g e n e ra t io n  
combination fishing vessel with improved 
h u l l  sh a p e ,  b u lb o u s  bow, o p t im ise d  
propeller design, ducted propeller nozzle 
and right sized engine will lead to reduced 
fuel co n su m p tio n .  D es ig n  an d  
developm ent of energy saving selective 
fish ing gear system s th ro u g h  m ateria l 
substitution will also lead to substantial 
fuel sav ings .  E nergy  sa v in g  t ra w lin g  
te ch n o lo g ie s  su ch  as h ig h  sp eed  
d e m e rsa l  traw ls ,  t raw ls  for d ee p  sea 
operations and large m esh semi-pelagic 
trawls are some other innovations in this 
direction.
N a tio n a l  F isher ies  D ata  C e n tre  of 
CMFRI provides much of the supportive 
d a ta  for research  and  m a n a g e m e n t  in 
m a r in e  c a p tu re  f isheries . P re se n t  
e s t im a te s  h a v e  on ly  la n d in g  cen tre  
deta ils .  P ro p e r  geo -referenc ing  of the 
d a ta  is req u ired  for es tab lish ing  the ir  
scientific relevance. The prim e focus in 
future fisheries resource research will be 
o r ie n te d  to w a rd s  b u i ld in g  a spa tio -  
tem poral database on the CIS platform  
as a decision support tool. Numerical and 
time-series models have taken a priority 
o v er  rea l tim e o b se rv a t io n s  su c h  as 
su r ro g a te  d a ta b a se s  from  RS-GIS 
so u rce s  an d  h av e  re v o lu t io n ise d  o u r  
resea rch .  But th e  e v id e n t  g ap s  in 
obse rva tion  and  assessm ent of fishery 
resources have to be nullified  th rough  
regu la r  survey, sam pling  and  analysis. 
A utom ation  of landing data estimation, 
g e o -re fe ren c in g  of fish ca tches, local 
spawning and fishing ground delineation, 
resolving physical processes supporting  
th e  f ishery  re so u rce s  for b e t te r  
u n d e r s ta n d in g  of the  reso u rce  
vulnerability to climate change, r e so u rc e ^
econom ic eva lua tion  and  in ternational 
trade  policies im pacting  o u r  resources 
a re  r e se a rc h  a re as  to be g iv en  d u e  
attention in the next few decades in order 
to au g m en t the fisheries resources and 
sustain their exploitation.
Sea food export from the country is a 
m a jo r  FOREX ea rn er .  But w ith  the 
imposition of quota regulation measures 
on  ac c o u n t  of p r o p e r  f isher ies  
m a n a g e m e n t ,  th e re  is a n ec ess ity  to 
rightly geo-reference fish landed without 
any duplicity in their entire supply-chain. 
S u b s id y  s u p p o r t s  to e x p o r ts  inv ite  
countervailing duties. It is imperative to 
divert the subsidies provided in support 
of sea  food  ex p o r te rs  to sec to r  based  
in f ra s t r u c tu re  d e v e lo p m e n t  so th a t  
cap ita l  in ten s iv e  w o rk s  w ill au g m e n t  
expo rt ea rn ings. If w e n ee d  to r igh tly  
utilise the money, a geo-referenced data 
base  on  ex is t in g  in f ra s t r u c tu re  is 
required. Further, data  on the quantum  
of earning per landing centre is essential 
while diverting the funds. GIS databases 
on such inform ation are essential in the 
context of quo ta  regula tions, subsidies 
and  issues on countervailing  duties for 
sector based funding.
Climate resilience in fisheries- 
Vulnerabillty assessment vis-a-vis 
Adaptation strategies
Climate change is one of the biggest 
global cha llenges facing m an k in d  and 
governments are looking for practical and 
time-bound strategies and plans for their 
mitigation and adaptation. Understanding 
th e  im p a c ts  of c l im a te  ch a n g e  and  
natural hazards is critical for developing 
a d e q u a te  r isk  m a n a g e m e n t  s trateg ies. 
C o as ta l  v u ln e ra b i l i ty  d esc r ib es  the 
susceptibility of the natura l system and 
of coastal societies (persons, g roups or 
com m unities) tow ards  coastal hazards. 
It is a condition resulting from a system's 
social, eco n o m ic  a n d  eco log ical 
properties and is a function of its natural 
and social coping and adaptive capacity 
to adverse impacts, namely its resilience. 
A sses s in g  co as ta l  v u ln e ra b i l i ty  is an 
im p o r ta n t  p re re q u is i te  to d e te rm in e  
areas of h igh risk, w hy  they are at risk 
and  w ha t to do to reduce the risk. The 
c l im a te  c h a n g e  effec ts  hav e  
m u l t id im e n s io n a l  im p a c ts  on 
env ironm en t, fishery, social, econom ic 
and development drivers. The perception 
of the p r im a ry  s ta k e h o ld e rs -  f ish ing  
co m m u n it ie s ,  p la y s  a m ajo r  ro le  in 
p ro a c t iv e  p a r t ic ip a t io n  in  d isa s te r  
managem ent, adapta tion  and mitigation 
plans. The development of the conceptual 
framework progressed with identification
of the coastal districts and villages based 
on the d ifferent env ironm ental, fishery 
and  socio economic param eters.
CMFRI im p le m e n te d  th e  PARS 
m e th o d o lo g y  - P a ra m e te r ,  A ttr ib u te ,  
R esil ien t In d ica to r  a n d  Score, a 
co n c ep tu a l  f ra m e w o rk  d e v e lo p e d  for 
as se ss in g  the  c l im ate  change  
vu ln e rab il i ty  of coasta l l ive lihoods  to 
prioritise and rank the different impacts 
as perceived by the fishers. The fishers' 
p e rc e p t io n  on  c l im ate  ch a n g e  effec ts  
rev e a le d  th a t  f ish ery  w as  the  m o s t  
im p a c te d  p a ra m e te r  fo llo w ed  by 
econom ic and  en v iro n m en ta l  im pacts. 
Social im p a c t  is th e  leas t im p a c te d  
param eter  as perceived  by the fishers. 
The s tudy  indicates that the long term 
effects  of c l im ate  ch a n g e  are  n o t  
r e a l is e d /p e rc e iv e d  a m o n g  th e  f isher  
h o u se h o ld s .  F ishers  perce ive  th a t  the 
fishery and economic param eters are of 
im p o r ta n c e  in th e  c l im ate  ch a n g e  
adaptation and mitigation plan.The level 
of awareness is minimal which indicates 
th a t  the  f ishe rs  co u ld  n o t  co rre la te  
en v iro n m en ta l  changes co n seq u en t to 
climate change to their livelihood. The 
fishers are prone to loss in fishing days 
due to erratic monsoon. The w ork done 
by CMFRI suggests the im mediate need 
to im p ro v e  on th e  a w a re n e ss  of the  
p rim ary  s takeholders ' know ledge w ith  
respect to climate change by involving 
th em  in  th e  d is a s te r  p re p a re d n e s s ,  
management and mitigation planning and 
im plem entation  process. Researchers at 
CMFRI are  w o rk in g  on c h lo ro p h y l l  
d y n a m ic s  an d  fish  p ro d u c t iv i ty  in  a 
c l im ate  change  reg im e, s im u la t io n  
m odels  for fo recasting  clim ate change 
effects, spec ies  v u ln e ra b i l i ty  d u e  to 
climate change, database  deve lopm ent 
and ocean acidification/ climate change 
issues on m arine resources.
Conserving the blue carbon 
ecosystems
Green technologies and blue carbon 
have been the buzz words during the last 
tw o  d ec ad e s  for m a n y  o rg a n isa t io n s  
working on marine sciences and related 
aspec ts .  Blue c a rb o n  is th e  ca rbon  
c a p tu re d  by the  w o rld 's  oceans  an d  
coastal ecosystems. The carbon captured 
by living organisms in oceans is stored in 
the form of biomass and sediments from 
m a n g ro v e s ,  sa l t  m a rsh e s  a n d  sea- 
g rasses . A f ro n t r u n n e r  in  m a rin e  
fisheries research in India with set global 
standards, CMFRI has invested heavily 
in its research on greener technologies 
for m a rin e  f ish e r ie s  sec to r  and  
contributed to im proving/sustaining the
blue carbon resources. With a prominent 
role in carbon sequestration and storage, 
th e  v a r io u s  ac tiv i t ie s  re la te d  to o u r  
m a rin e  ec o sy s te m  o f ten  are  of 
com parable/h igher efficiency than  their 
terrestrial counter parts. Since the 1950s, 
CMFRI has had a vision steered by global 
and national leaders in rightly sustaining 
th e  p ro d u c t io n  re la te d  p ro ce ss  in 
im p ro v in g  the fish catch  (m arine  fish 
c a p tu re  as w ell as m a r ic u l tu re )  and  
conserving the blue carbon ecosystems 
like tidal marshes, mangroves, coral reefs 
and sea-grasses along the coastal waters 
of th e  n o r th e r n  In d ia n  O cean . These 
re se a rch  f in d in g s  h av e  b ee n  u ti l ise d  
g lobally  for m a nag ing  tropical coastal 
m arine  resources.
S u s ta in in g /r e b u i ld in g  the  m arine  
ecosystem s; tidal m udfla ts ,  w et-lands, 
mangroves, marshes, estuaries, beaches, 
la g o o n s  an d  cora l reefs; h av e  also 
become a prime responsibility in marine 
fisheries m anagem ent. A long w ith  the 
f ish ing p ressu re  there is a concern for 
habitat degradation also. CMFRI, for the 
la s t  six d ec ad e s ,  h as  co n tr ib u ted  
im mensely to biodiversity  conservation 
and continues to do so. A major activity 
by CMFRI in this direction is with respect 
to artificial reefs.
Artificial reefs will reduce unwanted 
fishing as trawl operations in such areas 
will result in severe gear damage. Under 
Indian conditions,the best m easure is to 
deploy the artificial reefs along inshore 
areas at 20 m  dep th  contours. Artificial 
reefs are tr iangular concrete structures/ 
m odules deployed to the bottom  of the 
sea bed. They provide shelter to brooder 
fish and juveniles. They also offer surface 
a reas  for a t ta c h m e n t  of eggs  after 
s p a w n in g .  Thus, w e can  p ro te c t  the 
nursery grounds of fishes by installation 
of artificial reefs and thereby enhancing 
the  r e c ru i tm e n t  of com m ercially  
im p o r ta n t  species. D ep loyed  artificial 
ree f  a reas  becom e u n f i t  for traw ling 
o p e ra t io n s  re n d e r in g  the  area  as a 
natural "Marine Protected Area" (MPA) 
thus protecting the biodiversity, habitat 
and brood-stocks. Healthy brood stock of 
fishes will be a spaw ning stock biomass 
for supply ing  young  fish to the fishing 
a reas  on a s u s ta in a b le  manner 
(recruitment).It is em phasised  here that 
th e  m ajo r  a im  of m a rin e  fisheries 
m a n a g e m e n t  is m ain ly  to su s ta in  the 
fisheries w ith  lim ited scope to increase 
production by at least 1% cumulatively in 
the next 35 years (by 2050).
CMFRI, in  assoc ia tion  the Govt of 
Tamil N adu , has deployed the a r t i f i c i ^  ^
reefs in coastal w aters  nea r  50 villages 
re su l t in g  in  th e  e n h a n c e m e n t  of 
traditional fisheries by 2 to 5 times over 
the last ten years. Consequently, there is 
an  in c re ase  in  d e m a n d  from  the 
t r a d i t io n a l  f ish e r fo lk  to in s ta l l  m o re  
ar tif ic ia l  ree fs  in  Tam il N a d u .  This 
example can be taken as a national model 
for creating  m ore of aw areness  am ong 
the  f ish erfo lk  in  o th e r  S ta tes  an d  for 
c o n d u c t in g  a w a re n e s s  tra in in g  
p rogram m es. Each m odu le  cluster cost 
Rs. 30 lakhs and is sufficient for 1 km. If 
the en tire  coasta l line is p ro v id e d  the 
sam e im petus  over a per iod  of at least 
next 10 years, costing Rs. 10,000 crores, 
the marine fish catch is likely to reach at 
least 6 million tonnes by 2050.
Production systems using cage as 
options for clean mariculture
CMFRI has undertaken the large scale 
d e m o n s tra t io n  of o p e n  sea as w ell as 
backw ate r  cage cu ltu re  in  m ost of the 
maritime States of India. The technology 
is p u re ly  in d ig e n o u s  a n d  h ig h ly  
econom ical an d  susta inab le . It is very  
easy to adopt. Capital investment for a 6 
m d iam ete r  c ircu lar cage in the  sea is 
about Rs. 3 lakhs initially, including the 
cost of cage frame, nets, m ooring, seed 
and  feed. By ad o p t in g  cu ltu re  of h igh  
va lue  species , th e  p r o d u c t io n  of 3-5 
to n n e s /  cage can  be a t ta in e d  w ith  an  
economic re tu rn  of Rs.6 to 10 lakhs per 
h a rv e s t ,  s p r e a d  o v e r  a p e r io d  of 6-8 
m onths d ep e n d in g  on  the species. The 
life of a cage frame is above 5 years. The 
MoA/NFDB hav e  recogn ised  th is  as a 
g o v e rn m e n t  sch em e e lig ib le  for 40%
subsidy and the technology is gaining lot 
of popularity  am ong coastal fisherfolks. 
Seed in p u ts  are  a b u i id an t ly  ava ilab le  
along the coast and fisher folks are skilled 
in  co llec ting  them . The feas ib il i ty  of 
several species em erg ing  as cand ida te  
species for cage culture is due to the on­
going b reed ing  p ro g ram m es  and  their  
possible collection from the sea m ay be 
discontinued in the long run. Similarly, 
th e re  are  a b o u t  5 la rge  feed  m ills  in 
A nd h ra  P radesh  w ith  h igh  p roduc tion  
potential for manufacturing suitable feed 
for marine fish.
CMFRI's grow-out experimental feed 
for Pompano, based on feed formulation 
produced  com mendable results. Results 
of th is  s tu d y  in d ic a te d  th e  h ig h e s t  
observed omega-3 fatty acid composition 
(16.98%) in the fish meat fed by this feed. 
Hence, the feed is not only available on 
dem and  bu t also is efficient in the fish 
meat quality it produces. Simifarly there 
are millions of hectares of low lying saline 
areas w hich are not utilised and  can be 
brought under  mariculture with suitable 
incentives from the government/NFDB. 
CM FRI h as  e s ta b l ish e d  th e  f irs t 
Recirculation Aquaculture System (RAS) 
laboratory in India and marine fish brood 
bank  in these RAS acts as a m odel for 
es tab lish ing  som e m ore RAS in public 
sec to r  to m a in ta in  the  q u a l i ty  and  
quantity for sustainable seed production. 
The goal is production of fertilised eggs/ 
first day  larvae and their supply  to the 
h a tc h e r ie s  a t a n o m in a l  cost, so th a t  
private hatcheries can raise them further 
and deliver them to the needy farmers at 
a p rice . M arine  fish  b ro o d  s tock
m ain tenance  is com plicated  an d  risky. 
H ence, p r iva te  en tre p re n eu rs  m ay no t 
be e n th u s ia s t ic  in  m a rin e  fish  seed  
production. Further, a regulation of fish 
seed production under public sector also 
ensu res  quality  seed production .T here  
are initiatives in basic research in marine 
b io techno logy  for im p ro v e d  feeds for 
fishes including ornam ental fishes, b io ­
p rospecting , d iseases surveillance and  
stock identification also.
Conclusion
S u s ta in ab le  f ishe r ie s  m a n a g e m e n t  
options, if implemented properly, indicate 
poss ib le  e n h a n c e m e n t  of h a rv e s ta b le  
p o te n tia l  in  In d ia n  EEZ to a possib le  
ex ten t  of 6 m ill io n  to n n e s  or m ore. 
O pportun ities  in open  sea cage culture 
and related developments in the field of 
mariculture during the last 5 years show 
a w ay  forw ard  in open sea m ariculture 
practices and propose a production ideal 
to the tune  of 4 m illion  tonnes  in  the 
com ing  years  from  m a ricu ltu re  sector 
alone. H igh  m aricu ltu re  p ro d u c tio n  in 
countries like China is due to production 
of sea weeds and molluscs,but, the Indian 
sea food m arket comprises mainly of fin 
fishes of edib le s tan d ard s .  If p roperly  
im plem ented, there are possibilities that 
the  m a r in e  f ish  p r o d u c t io n  m ay  be 
enhanced to the tune of 10 million tonnes 
(6 m illion  to n n e s  from  ca p tu re  a n d  4 
million tonnes from mariculture) by 2050. 
The p resen t review  reiterates the need 
to revalidate the on-going m anagem ent 
m e a su re s  sc ien tifica lly  an d  
pragmatically to enhance the marine fish 
production in a sustainable manner. ©
